We determined partial cDNA sequences of four immunoglobulin (Ig) classes-IgM, IgG1, IgE, and IgA-of Mongolian gerbil (Meriones unguiculatus). Each deduced Ig heavy-chain constant (IGHC) region-Cµ, Cγ1, Cε, and Cα-is structurally similar to its counterparts in the mouse and rat, and phylogenetic analysis suggests that the gerbil Igs are evolutionarily close to their counterparts. In spite of the high sequence homology to the other rodent Cγ sequences, the gerbil Cγ1 sequence differs from our previously reported Cγ2. This result indicates that the gerbil has at least two IgG subclasses. These four gerbil IGHC cDNA sequences will be useful for determining gerbil Ig isotypes and examining the expression of gerbil Ig mRNAs in response to parasitic and bacterial infections.
Introduction
immunoglobulins (igs), which consist of two identical light polypeptide chains and two identical heavy polypeptide chains linked by disulfide bonds, are critical components of the humoral immune system. Their properties include the ability to recognize a vast array of different molecules, known as antigens. In mammals, Igs are divided into five major classes-IgM, IgD, IgG, IgE, and IgA-which are defined by their respective IGHC genes-Cµ, Cδ, Cγ, Cε, and Cα. The Ig heavychain constant (IGHC) regions of IgD, IgG, and IgA are divided into three structural domains (CH1, CH2, and CH3) stabilized by disulfide bonds and the hinge region, a segment of heavy chain between the CH1 and CH2 domains, which provides flexibility in the molecule. IgM and IgE heavy chains contain an extra CH domain (CH4) and lack the hinge region found in IgD, IgG, and IgA.
Mongolian gerbils (Meriones unguiculatus) are susceptible to several infections and offer potential as an animal model for the study of diseases that cannot infect mice and rats. They are currently being used in studies of viral [9] , bacterial [7] , and parasitic [12] infectious diseases. However, the lack of commercially available gerbil-specific immunological regents has hampered immunopathology studies of those diseases. Recently, several gerbil cytokine genes, including those for interleukin (IL)-1β, IL-4, IL-6, IL-10, and IFN-γ, were cloned and sequenced, and their expression was examined by quantitative RT-PCR [18] . However, few studies have focused on the Igs of the gerbil. Instead, antibody production in gerbils has been measured by the agglutination method [4] and by enzyme-linked immunosorbent assay using polyclonal antibodies to mouse IgG [8] . It is important to understand the Igs in order to examine humoral immunity in gerbils, and sequencing of each Ig class is urgently needed to support detailed research.
Recently, we determined the partial sequence of the Cγ2 IGHC region of gerbil IgG by cross-species PCR and found that it is closely related to hamster IgG and rat IgG2a [16] . However, the sequence that is described in this paper as rat IgG2a (acc. no. BC107452) is in fact a rat IgG2b. Therefore, gerbil Cγ2 IGHC is closely related to rat IgG2b, no rat IgG2a. Here, we sequenced four classes of IGHC gene (for IgM, IgG1, IgE, and IgA) in the gerbil, compared them with mouse, rat, and hamster IGHC genes, and conducted phylogenetic analysis between these species.
Materials and Methods

Animals
Mongolian gerbils bred at this laboratory [3] [4] [5] were maintained at 22 ± 3°C with lighting from 0500 to 1900 h (14 light: 10 dark). Six females of inbred strain gerbils, 14-52 weeks of age, were used in the experiment. They were given food pellets (Labo MR Stock, Nosan Corporation, Yokohama, Japan) and water ad libitum. All experimental procedures were conducted in accordance with the guidelines for animal experiments of the College of Bioresource Sciences, Nihon University.
Gerbil Ig cDNA cloning and sequencing by PCR
Total RNA was isolated from spleen with a TRIzol Reagent kit (Invitrogen Life Technologies, Carlsbad, CA, USA) according to the manufacturer's protocol. RT-PCR was performed with an RNA PCR Kit (AMV) Ver. 2.1 (Takara, Shiga, Japan) according to the manufacturer's instructions. IGHC sequences were determined by PCR.
Five primer sets for Cµ genes were designed from highly conserved regions of mouse (acc. no. X03690) and rat (BC105825) µ-chain nucleotides (Table 1, Fig.  1 ). Three primer sets for Cγ1 genes were based on mouse (AB097849) and rat (BC095846) γ-chains. Four primer sets for Cε genes were based on mouse (X01857) and rat (X00923) ε-chains. Four primer sets for Cα genes were based on mouse (BC057899) and rat (AJ510151) α-chains. The reactions using µP2 primer pairs consisted of initial denaturation for 4 min at 94°C; 35 cycles of 2 min at 94°C, 30 s at 56°C, and 1 min at 72°C; and final extension for 5 min at 72°C. The PCR conditions and product sizes for the other primer pairs are listed in Table 1 . The PCR products were electrophoresed in 1.5% agarose gels and stained with ethidium bromide. The fragments were purified and sequenced directly by using a BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA, in a ABI PRISM 310 genetic analyzer (Applied Biosystems).
Sequence analyses
Sequence homology searches carried out by the NCBI BLAST program selected the following sequences from NCBI GenBank: Mouse Cµ, X03690; rat Cµ, BC105825; Gerbil Cγ2, AB597231; hamster Cγ, U17166; mouse Cγ1, AB097849; mouse Cγ2a, X70423; mouse Cγ2b, X67210; mouse Cγ3, D14625; rat Cγ1, BC095846; rat Cγ2a, BC091272; rat Cγ2b, HQ693706; rat Cγ2c, HQ640952; Mouse Cε, X01857; rat Cε, X00923; Mouse Cα, BC057899; rat Cα, AJ510151. These sequences were aligned by the ClustalW multiple alignment program, and the identities were calculated by p-distance in MEGA 4 software (http://www.megasoftware.net/).
Phylogenetic analysis
The sequences determined in this study were aligned against homologous sequences of closely related species of gerbil registered in GenBank by ClustalW multiple alignment in MEGA 4 software. A phylogenetic tree was constructed using the MEGA 4 program, and the genetic distance was calculated using Kimura's two-parameter model based on neighbor-joining (NJ) methods [11] with 1,000 bootstrap replicates.
Results
IgM heavy-chain constant region gene
Using PCR amplifications with highly conserved primer sets for the constant (C) region of the µ-chain, a 1302 mer nucleotide partial cDNA sequence encoding 434 amino acids (AA) was determined (GenBank accession no. AB663133), and this is equivalent to 95.32% of the complete mouse Cµ sequence. Alignment with other mammalian C regions showed that the sequences have higher homology with mouse and rat Cµ than with C regions of other subclass counterparts ( Table 2 ). The highest identities were 87.2% with rat IgM at the nucleotide level and 84.4% at the AA level. The deduced Cµ gene shows a compact structure with 4 exons encoding the CH1-CH4 domains found in other mammalian Igs. The protein contains 13 Cys and 8 Trp residues, of which 11 Cys and 7 Trp residues are potentially conserved among mammalian species (Fig. 2) . There are 8 potential N-linked glycosylation sites (N-X-S/T, where X can be any amino acid), of which 6 are conserved.
IgG heavy-chain constant region gene
Regarding the C region of the γ1-chain, an 873 mer nucleotide partial cDNA sequence encoding 291 AA was determined (GenBank accession no. AB663132), and this is equivalent to 90.05% of the complete mouse Cγ1 sequence. Alignment with other mammalian C regions showed that the sequences have higher homology with mouse and rat Cγ1 than with C regions of other subclass counterparts ( Table 2 ). The highest identities were 83.3% with mouse Cγ1 at the nucleotide level and 78.0% at the AA level. The deduced Cγ1 gene shows a typical mammalian γ gene structure with 3 exons encoding the CH1-CH3 domains and 1 hinge exon (Fig. 3) . The hinge exon encodes 11 AA in Cγ1, but 16 AA in Cγ2 [15] . In spite of the difference in length, both hinge regions are made up of several residues, including cysteine (C), glycine (G), lysine (K), and proline (P), that are often seen in the Ig hinge region in mammals (Fig. 3) . The positions of the Cys and Trp residues in the domains and N-linked glycosylation sites are conserved relative to Cγ1 counterparts in other species.
IgE heavy-chain constant region gene
Regarding the C region of the ε-chain, a 1092 mer nucleotide partial cDNA sequence encoding 364 AA was determined (GenBank accession no. AB663134), and Table 1 .
this is equivalent to 86.01% of the complete mouse Cε sequence. Alignment with other mammalian C regions shows that the sequences have higher homology with mouse and rat Cε than with C regions of other subclass counterparts ( Table 2 ). The highest identities were 80.7% with rat Cε at the nucleotide level and 75.7% at the AA level. The deduced Cε gene shows a compact structure with 4 exons encoding the CH1-CH4 domains found in other mammalian Igs (Fig. 4) . The positions of 9 Cys and 8 out of 9 Trp residues are conserved relative to the Cε counterparts of all other species investigated. There are 6 potential N-linked glycosylation sites, of which 4 are conserved.
IgA heavy-chain constant region gene
Regarding the C region of the α-chain, a 957 mer nucleotide partial cDNA sequence encoding 319 AA was determined (GenBank accession no. AB663135), and this is equivalent to 93.83% of the complete mouse Cα sequence. Alignment with other mammalian C regions showed that the sequences have higher homology with mouse and rat Cα than with C regions of other subclass counterparts ( Table 2 ). The highest identities were 82.3% with mouse Cα at the nucleotide level and 78.0% at the AA level. The deduced gene shows a typical mammalian Cα gene structure with 3 exons encoding the CH1-CH3 domains and 1 hinge exon (Fig. 5) . The positions Nucleotide and amino acid sequences were compared with hamster IgG (U17166), mouse IgM (X03690), mouse IgG1 (AB097849), mouse IgG2a (X70423), mouse IgG2b (X67210), mouse IgG3 (D14625), mouse IgE (X01857), mouse IgA (BC057899), rat IgM (BC105825), rat IgG1 (BC095846), rat IgG2a (BC091272), rat IgG2b (HQ693706), rat IgG2c (HQ640952), rat IgE (X00923), and rat IgA (AJ510151). Fig. 3 . Alignment of the IgG1 heavy chain C region in gerbil IGHC with other rodent IGHC sequences. GenBank accession numbers: gerbil IgG1, AB663132; gerbil IgG2, AB597231; hamster IgG, U17166; mouse IgG1, AB097849; mouse IgG2a, X70423; mouse IgG2b, X67210; mouse IgG3, D14625; rat IgG1, BC095846; rat IgG2a, BC091272; rat IgG2b, HQ693706; rat IgG2c, HQ640952. 
Phylogenetic analysis of gerbil IGHC sequences
BLAST and ClustalW alignments of each gerbil IGHC cDNA showed sequence similarity to corresponding mouse and rat Ig cDNAs. In the phylogenetic tree, each gerbil IGHC forms a monophyletic cluster with its mouse and rat counterparts (Fig. 6) . The data support the concept that the gerbil Ig cDNAs are similar to those in the mouse and rat.
Discussion
Although gerbils are used in many immunological studies to explore pathogenesis in bacterial or parasitic infections, studies of gerbil Igs are relatively rare. In our previous study, we reported a partial sequence of the γ2 IGHC region gene in the gerbil [16] .
Here, we determined partial cDNA sequences for four classes of IGHC region (Cµ, Cγ1, Cε, and Cα) in the gerbil. The cDNAs show high sequence similarities to counterparts in the mouse and rat. The four amino acid sequences show that Cys and Trp residues were the most frequently conserved out of all amino acids in mouse and rat Ig classes, respectively. Cys and Trp are suggested to play important roles in maintaining Ig structure [6] . In particular, Cys is essential for the formation of intrachain disulfide bonds or bridges and for the polymerization of IgM and IgA [14] . In phylogenetic analysis of gerbil IGHC genes, each of the four gerbil IGHC sequences determined in this study were classified in the same clusters as the mouse and rat counterparts, respectively. Additionally, in the Cγ IGHC sequence, Cγ1 IGHC was classified in the same cluster as the mouse and rat IgG1 subclass, and Cγ2 IGHC in our previous study was classified in the same cluster as the hamster IgG, mouse and rat IgG2 subclasses and mouse IgG3, respectively. The number of IgG subclasses varies among species, with four Cγ genes, Cγ1, Cγ2a, Cγ2b and Cγ3, in mice [13] , four Cγ genes, Cγ1, Cγ2a, Cγ2b, and Cγ2c, in rats [1] , one Cγ gene in rabbits [10] and seven Cγ genes, Cγ1, Cγ2, Cγ3, Cγ4, Cγ5, Cγ6, and Cγ7, in horses [17] . All five gerbils of the same inbred strain used in this study expressed both Cγ1 and Cγ2 IGHC mRNA, indicating that the gerbil has at least two IgG subclasses. Although the IGHC sequences of only two IgG subclasses were determined in the gerbil in this study, other IgG subclasses may exist in the gerbil as well as other species.
Mongolian gerbils are susceptible to a variety of human and animal parasites and bacteria [2] and are deficient in naturally occurring antibodies to single-stranded DNAs, lipopolysaccharides, and phospholipids [8] . However, immunological reagents such as antibodies to gerbil Igs, cytokines, and surface markers are not currently available. To date, gerbil antigens have been detected by polyclonal antibodies to rodent Ig isotypes showing cross-reactivity with their gerbil counterparts. We recently reported the establishment of a stable gerbil-mouse heterohybridoma that secretes gerbil mAb as an antigen [15] . But given the lack of a monoclonal isotyping kit to determine Ig isotypes secreted by such heterohybridomas, it is important to establish tools for examining gerbil Ig isotypes. To do this, we can use primer sets specific to each gerbil IGHC gene in RT-PCR to estimate the isotype in heterohybridomas and the expression level of Ig mRNAs in immune tissues such as the spleen and lymph node. This technique could lead to a better understanding of pathogenesis and protective immunity in several parasitic infections for which gerbils are being used as animal models. 
